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Plant secondary product glycosyltransferases belong to family 1 of the glycosyltransferase superfamily and mediate
the transfer of a glycosyl residue from activated nucleotide sugars to lipophilic small molecules, thus affecting the solu-
bility, stability and pharmacological activities of the sugar-accepting compounds. The biotechnological application of
plant glycosyltransferases in glycoside synthesis has attracted attention because enzymatic glycosylation offers several
advantages over chemical methods, including (1) avoiding the use of harsh conditions and toxic catalysts, (2) providing
strict control of regio-and stereo-selectivity and (3) high efficiency. This review describes the in vivo and in vitro glycosy-
lation of natural organic compounds using glycosyltransferases, focusing on our investigation of enzymatic synthesis of
curcumin glycosides. Our current efforts toward functional characterization of some glycosyltransferases involved in the
biosynthesis of iridoids and crocin, as well as in the sugar chain elongation of quercetin glucosides, are described. Final-
ly, I describe the relationship of the structure of sugar chains and the intestinal absorption which was investigated using

chemoenzymatically synthesized quercetin glycosides.
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Fig. 1. Structures of Curcumin and Its Glucosylation Products
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Table 1. Water Solubility of Curcumin and Curcumin Gluco-
sides

Water solubility

Compound glLll\Iclcl)IsIé:bf;ssiccl)lges pmol/mL fold

Curcumin 0 3.0X10°3 1
CGl1 1 7.0X1073 2.3X10?
CG2 2 7.3X10! 2.4X10°
CG3 2 3.7X10?2 1.2X107
CG4 3 4.5X10? 1.5X107
CGS5 4 6.5X10? 2.2X107

curcumin ECHHA (CG1-CGS) ZECHE(LIEM & L T
A U7z (Fig. 1). 245 OERE KO 7K 5 2 ]
FE L&A, curcumin monoglucoside (CG1) T
1 curcumin & HL#g U TR 200 FRICHEINL 721 &
72Dy, glucose 73 778 2 fElfE & L 7= curcumin gen-
tiobioside (CG2) KX curcumin diglucoside (CG3)
T3 200 FgicEEML TH O, glucose 7) 771 4
{El#%& & L 7= curcumin digentiobioside (CGS5) Tl
Z O K EMENX curcumin @ 2000 5 12 3% L 71
(Table 1).19 25D T &%, 7))L a— AECEK
{9 % Z &£13 curcumin D /KIEMEB IO KD THZ)
BRFETHZZEEZRLTWS, £z, 7ILHUK
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cumin & [b#g U CHEEIC#EM L 7. —7, curcumin
Bl b5 & @ b1 Bg AL 6 PR, T AE M
monoglucoside TIE#J 50 % IZ{X T L, curcumin
diglucoside TIIHE L=, UL, 5 DOEKE
i/ i?‘ﬁ'(bmqﬂ“@bﬂﬂ(ﬁﬁ@é 1T curcumin & L THE
MIZHINE NS /=DIT, ECHEARTOHiRIIEHE DK
?i%ﬁf@@@%ﬁ;iﬁé&@b@w
ZFZF YV U EMILO curcumin ECBE LIS PEIT
BRI ORI TR <, BiHb sucrose JEE % LA X
B72 0, #1Z methyl jasmonate Z{RINT 5 Z &I
Ko THEINT %2, TN THZDEFERITHEHL
1g - 0EEARKBEE L T2.5umol BEICEE:
N> 7219 F Z T, curcumin O Fl KRl SOt 2 fil
9% PSPG @ ¢cDNA & —F =5/ v {5 2& il 7>
50— 7 L, AR DB AL EZ
MEfdHZEELE.
2-2. #HMREBERICEL D curcumin EEFEA D EE
PSPG I3, C-RimfEE 12 UDP-sugar O & fE 5
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Fig. 2. Glucosylation of Curcumin by Recombinant CaUGT2

(A) HPLC chromatogram of the standard compounds. CG1, curcumin
monoglucoside; CG2, curcumin gentiobioside; CG3, curcumin diglucoside.
(B) Curcumin was incubated with UDP-glucose and CaUGT?2 for 10 min.
(C) CG1 was incubated with UDP-glucose and CaUGT?2 for 10 min. Elution
was monitored at 423 nm.
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Fig. 3. Glucosylation of Curcumin Monoglucoside by
Recombinant CaUGT?3

(A) HPLC chromatogram of the standard compounds. CG1, curcumin
monoglucoside; CG2, curcumin gentiobioside; CG3 curcumin diglucoside;
CG4, curcumin glucosyl gentiobioside; CGS5, curcumin digentiobioside. CG1
was incubated with UDP-glucose and CaUGT3 for 10 min (B), and 60 min
(C). (D) CG1 was incubated with increased amounts of UDP-glucose and
the recombinant protein for 120 min. Elution was monitored at 423 nm. CG6
and CG7 were identified as curcumin gentiotrioside and curcumin gen-
tiotetroside, respectively.
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Fig. 5. Glucosylation of Curcumin Catalyzed by CaUGT2

with or without AtSUSI1
Assays were carried out at 30°C in the assay buffer (pH 7.5) containing
0.3 msucrose (left) or 0.3 M sucrose and AtSUSI (right) . Filled squares, cur-
cumin, open circles, curcumin monoglucoside (CG1); filled circles, curcu-
min diglucoside (CG3).
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Glucosylation of Quercetin by UGT71C3 with AtSUSI1
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Quercetin was incubated with UGT71C3 and AtSUS1 (A) in the absence or (B) in the presence of sucrose for 1 h. Elution was monitored at 340 nm.
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secologanin synthase.
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Table 2. Kinetic Parameters of Three Recombinant PSPGs
Isolated from Leaves of Catahranthus Roseus toward 7-
Deoxylogatic Acid and 7-Deoxyloganetin

Kinetic parameters of recombinant CrUGT®6, 7 and 8

Kinetic parameters for
7-deoxyloganetic acid

Kinetic parameters for
7-deoxyloganetin

m cat kcat/Km Km kcat kcat/Km

) 7D (m~1s7h (mm) (7D (mlsTh
CrUGT6 — — 0.142 0.0115 81.0
CrUGT7 61.1 0.00164 26.8 2.12 0.00520 2.45
CrUGT8 87.7 0.131 1484.1 — — —

Protein

bin, 7 F5 3 (Gardenia jasminoides, 7 71 %%}
@ geniposide 72 EEFE DR E L THISNT
EHOH L, Iridoids I21E, FRIFIT/AR S THIEE
HIOORFEIE I AMER, 17 LILF —1EH, %
FEREIER TR EFR7RIE DR THE SN, B
HEEFEEL THIHEHIN TS, 30 F£7- secoiri-
doids T & % secologanin % monoterpenoid indole
alkaloids (MIA)3D <> quinoline alkaloids (QA)32 ®
EERATRE & U COEEREEZRL TN 5.
Iridoids D4 & Ak, geraniol @ 10 f7 DK EE{L %
# TH: U /= iridotrial WEAFKK &2 0D, AF)b
b, ECBE(L, KER(b/REDEMZERTEGRIND
ZEMELLTHRL—Y—ERBROMERNSHEE SN
TWwa (Fig. 7).33% L L7aAy s, iridoids DIF
ENED AL DKEEFEIT glucose 23 A L 7= Bl {4
ELTHEHELTWVSIZHENND BT, iridane %
DEFERIE N AEEGRD E DB TEZ % DMnIzDn
TSNS THBET, b5 A ABHE L% il
9% PSPG bS5 M/ TWaho 7z,
SFZFVUORKEMENSBEELZ S HED
PSPG 213 iridoids 123 9" 2 BE#n# & P13 &2 < 38
SNEMh-o . ZFZF VU OREEMIETIE MIA
G RIEENIERE TR N0, FilzilmF=FY
7 D 5 PSPG-Box O {F 77 Bo 112 H D <
homology-based cloning %17 T, 3 fi®d PSPG &
fF® cDNA #~7 a0—=>7% L7 (CrUGT6-
CrUGTS). IS5 DOiffi#f X 15 2 Al W T 7-deox-
yloganetic acid & 7-deoxyloganetin % 58 & L THE!
BELIE I 2 Es U 72 /5 2R, CrUGT6 (UGT85A23)
& CrUGT7 (UGT76A2) |3 7-deoxyloganetin % fif!
FE{k. L T 7-deoxyloganin {2, CrUGT8 (UGT709C2)
1% 7-deoxyloganetic acid % B¢ % {t. L T 7-deoxylo-
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Fig. 9. Down-regulation of CrUGTS and SLS Affects the Ac-
cumulation of MIAs in Catharanthus roseus

(A) Silencing of CrUGT8 and SLS was measured by monitoring relative
transcript abundance of each gene by quantitative RT-PCR. Differences in
transcript levels for each silenced gene were measured relative to those ob-
tained in mock treatment. Open column, EV (empty vector) -treated plants;
filled columns, VIGS-treated plants. (B) Contents of catharanthine (open
columns) and vindoline (filled columns) in wild type, empty vector-treated,
mock-treated, and VIGS-treated plants.

Contents (ug/g fresh weight)

ganic acid 24 kT 2iEHERL = (Fig. 8). £CZ
T, BELEEZRZHNTING OBEEDREE RN
INTA—=% =%t LizE 5, ClUGT6 KT}
CrUGT7 @ 7-deoxyloganetin 12 f 3~ % filt it %h 2 1

CrUGT8 @ 7-deoxyloganetic acid 1259 2 fisltfi 5 =%
DK 10% L F7Z> 7= (Table2)., =F=F V7T
EEN5FEEN MIA Tdh % catharanthine & vin-
doline DERIFZEHDIELITHSH1ETHRDE
<, TOTDHE2E, FHIEDETES 2> T
ZEMASN TS, 3 CrUGT6-CrUGTS D R
BEINSOETHKRLAEZEZS, CrUGTS D%
HEZINING D MIA DRFE/NY —> ELL—
FH L TWw/=, & Z T virus-induced gene silencing
(VIGS) #39%MHWT CrUGT8 &/ w7 ¥ L
FoFZFVIOMEPIKRZEERL, & D secologa-
nin % OF vindoline, catharanthine & & %2 FHN7/-& =
A, v RS L TEEFIEKTL TW
7z (Fig. 9). INHOFERNS, ZFZF VU
BT % secologanin £ & L EEIZHB W TIT,
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CrUGTS 7t iridane ‘B 4% D 1 fi D 7k i 3 O ECHE(L I

yloganetic acid TH % Z &AW 5 M /n > 72,37
CrUGT7 12 & - Tt X 1% 7-deoxyloganetin Dfif
BE{L B B secologanin DAEGFIZHBIT B A F—
TSGR S U THREL TV A REE B B EIXT

CH

NN N
|
HO' .
zeaxanthin
CHO
one AN A
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J

o
HO MOH
)

crocetin
1 HO,
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OH
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Fig. 10. A Proposed Biosynthetic Pathway Leading to Crocin

crocin-1 (crocin)

BG5LTHBO, TORBELKIEDHEEIL 7-deox-

TH>o k.

X7\, FEE, U FF 2 (Gardenia jasminoides,

7 1% FL) D geniposide £ B RIZB W T, 7- D EMS, MIA DEERIZBWTIE,

Vol. 135 No. 7 (2015)

secologanin % % T MIA 125 % I3 TE D £ il
WKHFELTWS ZENHLEMIZEINTWE. P 7-
Deoxyloganetic acid 7 5 7-deoxyloganic acid IZ &
LD REMEIIARIAT, Whidz vy 2 r7y 2y
CrUGT8 @ ¥ 8l @ J/j 1E 1% % in situ
hybridization IZ X > TRz & T A, TOREMN
IPP cells IZ/RTEL TWAH Z ENBHSNITR D 2.

deoxyloganetin 23 ECHE(L SR DA & U THERE L
W5, 39

ZFZFVIDEIIBIT S MIA A EK O J/TENE
WZDWTIE I F TEEMICHENT I, geraniol 205
7-deoxyloganetic acid £ T D4 & ki3 5 & N THIRR
EE NN D T2 % internal phloem parenchyma
(IPP) cell TfTdH 1, 7-deoxyloganic acid 7 5

i CT& B & 172 7-deoxyloganic acid 32 Bz fll i 12
BENL, ZEMIIZH N T secologanin & % Tl &
D MIA I[ZEBIND T ENHEE TE 2. kI
K BKEEDOB KD, DD BEZREICL T
WLDMMH LN,
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3-2. Crocin £ &M ICBI5 T % PSPG DEEE &
¥ RE 2 47
crocetin @ digentiobiosylester T, ¥ 7 <5 > (Cro-
cus sativus, 7Y AF}) OHEER 7 FF > ORHE
CE RN, KEtosAHaRE L THwLNS
&0y, RERAEEEOWES MRS ER E DA TE
PEBHHE I N TWS, O Crocin 1%, xanthophyll T
& % zeaxanthin O W LY B R IR Z R THE U 7z
crocetin 2YIEXK glucose B &2 ZT B &Ic&-> T
BT HHDEEZSNTE (Fig. 10). 4D 3,
BT OREST FF T DORHEITIL, crocetin
digentiobiosylester (crocin-1) 12/l A T, &fED
glucose FLHE RN R LWV 1 TW 5. Crocin &K
B9 5 EEFE & L TIE, ®iTIZ72 > T zeaxanthin
ZEEALEYICBEZL L T crocetin dialdehyde % 4553 %
carotenoid cleaving dioxygenase (CCD) D cDNA 73
YT I NS HEESNZPLSNC, BRCERTL
NV T O IEN > Tz,

7 FFUREEMEN S PSPG-Box O IREFRSIC
H 2 < homology-based cloning {2 & > T 15 D
PSPG @ ¢cDNA (GjUGTI1-15) ZHBEL, =5
DML A BEFE A W T crocetin ZRE & LT, Bk
LiEEE A7) —=2> 7 Lk, TORE, GjUGTI
& GjUGTI14 12 crocetin 7% fil $ /b L T crocetin
monoglucosylester ( crocin-5) & crocetin digluco-
sylester (crocin-4) #JERAR T HiEHEZRL 2
(Fig. 11). ZOWM#I3 474 7 2 VB 572 5 HEE
72 BESIZBNTI Y I JBOENLNEND
7=, HEEREMEEKREG L/ E A, apocarotenoids
TdH % bixin IZX 9 B{EMEIFR I T, 4-coumaric
acid ® X © 72 phenolic carboxylic acid @ 71 )L 78 &
IVET glucose 25T BIHMIZTTVW NS HER
OOoNM, T x ) —I)VHKEEEITHT SRR TS
Hide<@Boosnanok.?®

PSPG O 2 / fFd 4 & B AR DBIfRICD N
TlE, PSPGcDNA O/ O—=> 7 A, HEHE
RIIC[FE X7z PSPG O 7 X/ BEECHI D IEH AN
MEnsizon, FiHhrRHAER £ (Fig. 12) O
MENS HLBEEOTHINAEEIC/E > TE L.
Crocetin @ /)L ARF )V HZRHL T HBEFE E L T
A& X 1172 GJUGT1/14 (UGT75L6) 134 TRkt
IZHBWNT group D (UGT74 T UGTTS5 7' )L —)
ICBLTWEY, OV —TOHRIITXTHI

Crocin %, apocarotenoids T & %

5 min crocetin

0.151

0.104

0.05. 1
0.00— ! ki

30 min

Absorbance at 440 nm (AU)

0.05- 2 L
B Y
0.00+4 !

0 10 20

30 [min]

Fig. 11. Glucosylation of Crocetin by GjUGT14 (UGT75L6)

Crocetin was incubated with GjUGT14 in the presence of UDP-glucose
for 5 min (above) and 30 min (below). 1, crocetin monoglucosylester (cro-
cin-5); 2, crocetin diglucosylester (crocin-3).

RFIIVEOERLEESE & U THEREMICHE SN T
W5, FCHEAREHICH 2 a U THHZ IR T 216
HZ2FD PSPGIZZNIEELINAISGNTNSD
TRV, ZENSIEXTXRTHaFREBIZHNT
group A (UGT9%4 7 )L —7) IT@BL TWD I &N
HOMM>TW=, FI T, 1550 PSPG ®5 54+
% # Kt T group A 1T 8 § % GjUGT9 & U
GjUGTI15 iZ#: > T, crocetin glucosylester 12 5f 9
HEFECIEEZBRBL 2. 2O/ R, GUGT9
(UGT94ES5) 73 crocin-5 72 % crocin-4 %4 U % it
&, crocin-3 7n 5 crocin-2 Z2#% T crocin-1 (97824
5 crocin) 242 U % it 2 il 3 5 BEETE R 2R L,
crocetin glucosylester 1,6-glucosyltransferase T & %
ZENbnoz (Fig. 13). GjUGT9 Id, curcumin
glucoside IZxf L TH T MM ERMEZRL /-
M, Z DM glucoside FIZITIEHEZ 2RI
mo .

Carotenoid A G HIELR T ZEBEATSH I LITELD
de novo |Z xanthophyll % & 5% - ZFET 5 KGE N
Bl T3 TPH D, apocarotenoid 4 H ik D HIF
Jix T & 5 zeaxanthin cleavage dioxygenase 73 Y 7 5
SIS, Eeft D 2 BB O BECHE (b RS & fil 59 %
PSPC NI/ FF MO HETETWHDT, 4%
crocetin dialdehyde dehydrogenase 7% B #f T & 1
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GjUGT? UGTCs2

UGT74B1 Group L

GroupAl e zogizoxi| NISAGT/ GjUGTS
JUGT15 UGT75B1
Sesamgmul:s(;rrgdm EpGT2
B NIGT2
CaUGT4 GjUGT14 (UGT75L6)
CaUGT: éj UGT1
4 2 Sorghum UGTBSB1
e ZS::.:_GT Stevia UGTE5C2
‘ LiuGT3 GIoARE
GjUGTS, 4
Medicago UGTE5H2
SEEE UGTB5A1
on - Prunus UGTB5A19
Group D GjUGT2 (UGT85A24)
e CruGTs
Gentiana 3GT GjUGTS
AgaeT — creta
:Sg_ﬁ LuGTT2
CrYNb4
GjUGT11 UGT78D1
NeTs WG G oup F
G]UGT13 Stevia UGT76G1
G]UG'{“Id?:Gﬂ GTHE%CrUGTDGTVSC’\
GroupE  GjUGT12UGTrICT CaUGTS

Fig. 12. Un-rooted Molecular Phylogenetic Tree of PSPGs

PSPGs isolated by us are shown in boldface. The tree was constructed
by the neighbor-joining method following multiple alignment using the
CLUSTALW program. The bar indicates 0.1 amino acid substitution per
site.

X, KRIBEICX S crocin R OZ D B#E AL S Y D4
FEEMIREIC R DD MR a N5,

3-3. TRAHIEHMRBROBESMAEE 1
YNNI T LRI FESEME 26 T 2 (K0 TR R 2 4
ETHITHNNDST, BFEROFEHICE 5ITHEZ
HELTHHEZMET 2BAL L THEISNZDHD
1%, flavanone EHE A 4 & Bk IC B8 59 % flavanone

7-O-glucoside 1,2-O-rhamnosyltransferase?> < an-

A
His383
>
Asn357
GInars v
3 P
Proy His24
“Thri4s

Phe204 i
529% > \ "
\\ Asn206 . His125 Asp121
Pr 196 L,j,f
“His156
C

His125

Fig. 14. 3D Structures of CaUGT3 and VvGT1

00690 min 'crocin-s

crocin-§
0.04 4 '

0.02
o.oo-—h A “LL~L =

0.034

15 min
5 002 crocm2 i
<
E 001+ crocln- l l 'Cl’ocm-4
o
3 ‘l A .l 'Y P
& o.oo - '
g 003930 min
8
2 002
<<
0.01 |
l 1 A T .
0.00 - i .
0.03 60 min : i
0.02 i
0.01 :
A A_A l
0.00 :

10 20 30 [min]

Fig. 13. Glucosylation of Crocetin Glucosyl-esters by
GjUGT9 (UGT94E5)
Crocin-3 and crocin-5 were prepared by incubating crocetin and UDP-
glucose with GjUGT14.

Hisssq\O

GIn375 _

phesrz L N o
Ginga /'

™
Phe200 O>ph\e1>1 Lokt
HI&150

Sugar donor and acceptor positions in the active centers of CaUGT3 (A) and VvGT1 (B), and substrate-binding pockets of CaUGT3 (C) and VvGT1 (D) are

shown with the ligands shown in stick representation.
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Table 3. Kinetic Parameters of the Wild Type and Site-direct-
ed Mutants of CaUGT3

Kinetic parameters for
quercetin 3-O-glucoside

Proteins
Ky Kecat keat/ Ky

(mm) (s71) (M~1s7h
Wild type 0.39 0.224 573 (100) 2
His125Phe 0.95 0.00102  1.07(0.187)
Asn206Phe 1.17  0.187 160(27.9)
His125Phe & Asn206Phe  1.06  0.000683 0.644(0.112)
His125Asn 0.39 0.0217 55.2(9.64)
His125Asp 0.94 0.00119  1.26(0.220)

a Relative value when k.,/K,, of the wild type enzyme is 100.

thocyanin @4 &% IZB95-9 % anthocyanidin = 3-O-
glucoside 1,2-O-glucuronosyltransferase,*® anthocy-
anidin 3-O-glucoside 1,2-O-glucosyltransferase,*”
lignan 4 & A% I f% 4 5 sesaminol  2-O-glucoside
1,6-O-glucosyltransferase® 72 EDEH O H D L i
<, TOHEEHRE, RICT 7Ty —HE O
BRI D W TR A% W,

R — RACHBEHR RS B2 32 D FE SRS S DFRIT I D W
T, 2005 05 2007 FEizhFTH IV IV~
(Medicago truncatula, <~ A#$}) @ flavonoid 3’-O-
glucosyltransferase* K& ©F flavonoid 7-O-gluco-
syltransferase, 9 3 —10 /N7 R (Vitis vinifera,
7 K7 %&}) @ flavonoid 3-O-glucosyltransferase, 5V
O 4 X F X F @ aniline / phenol N- and
O-glucosyltransferase’? 2 DWW T DOIHE MR N T
W7z, 27 K7 ® flavonoid 3-O-glucosyltrans-
ferase (VVGT1) T3 E'E T H % kaempferol &
UDP-glucose 7 F 17 & DGR DHE MG AT S
MITENTW/=DT, HEEMREFEOTIAESE &
RRICDWTRITT 272012, ZFZF VU DR EM
fan o HEEL 7z CaUGT3 O R EO P —EF IV &
VvGT1 Ot G288 & U TER L, quercetin
3-O-glucoside & UDP-glucose Z&HEF L L/ KRy +
> YIalb—arEToR.®VWGT &
CaUGT3 @7 X / BRECH DM RIPELE 17.8% 1T &
7223, Udock 1d —32.84 kcal/mol, quercetin 3-O-
glucoside @ glucose M 6 fif D i 3 i 1 & UDP-glu-
cose @ glucose D 1 i D REF T OIHEET 4.4 A,
TR Ty —HEEOKBREOR T O N ALEHD
His24 © e-N E OJffE 3.2A &, BEEOEVWE
TIPHEETES . BERT Yy hOHKTIE,

VVGT @ Phel2l & Phe200 i &f jis 37 % 5% 3 /8
CaUGT3 T3 Hisl25 & Asn206 T & > /= (Fig.
14). ZD7=HIZ CaUGT3 TIEHAE AR v MALEK
LTHL, 770a2X0b0TFHA XNKENE
WitkzY 7275 —HEELUTRMTE 2 ANR—X
MU TwWwi., CaUGT3 @ Hisl25Phe & O}
Asn206Phe ZR{AZFR L T2 OEMEZ AN &
A, WITNOERK TS MR RITHED L 7=0,
'RFIZ His125Phe 28 SLIK TAETE M O AD2ZE L <,
His125 2 EE Ry b DAR—Z DRERICEE
BEEZREZLTNWDE I EDRHSNIT/R > 2 (Table
3). INSOHIFIE, ¥ THESHMH KR OREREIC
DNWTHEL MY 70 —F LAEbDOTHD, —
TACHE SE AP Rl 58 O SOGHERE 25 2 % 1T O ELME
MR Z5EZ5HDTH5.

4. BREM L SMECHEAR OVEHEE & LB RN

Curcumin % D ) Rk D HERETEL & I3 NG
WD E I, Quercetin 132D & D 72 {b&
YDORENIZE DT, in vitro TIIHE X 7z EBIEN
MEEINTVWBY, b MBIV EL TROK
GUIESEOEYFIRHRIZ1I%U T THE I &
MHFHEINTND, N Ins ObEWZERRE L LK
BEZm LS5 2 SIHERINEZ BT 5720
DERNISFHETH B EZEAZONDD, BUFERDOREH
W SIHIERIEDRRIZ S Tl o 7. D
NHIUL, BEER L THERL ZKF D quercetin
FlBEk (Fig. 15) 25 v MICROKEGL Tz 0
YR REINT A—8 — 2 i Uz (Table 4). &
f# quercetin Fl B iR 2= #% O # 59 2 & it iz
quercetin, isorhamnetin, tamarixetin @ J¢ TH H =
N5, HKEMTDH S quercetin J2 U rutin D AW
AT TN TN 2%, 0.8% & IEFITEKLIZ
EAEWRINEINTNEZENDIZH LT, quercetin 3-
O-B-glucoside (isoquercitrin) , isoquercitirin 1,6-O-o-
glucoside (3-O-maltosylquercetin), a-oligoglucosyl-
isoquercitrin (enzymatically modified isoquercitrin;
EMIQ) DAWArIFIREL, 12%, 30%, 35% &,
IKEPEDIENN & & B ITEYFRIFIREED & < 7R D,
L& DK TR &k 4% Gk DI WU DRI
BEEZERERNDDZ ENDMhoTz. &AM,
rutin O B HEALE Y T H % o-monoglucosylrutin %
a-oligoglucosylrutin TIZ/KIEMENE L <EINT
WRIZHNND 5T, EYERNFIHEER 2-4% &,
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Fig. 15. Chemical Structures of Quercetin Derivatives
Quercetin (1), quercetin-3-O-glucoside (isoquercitrin, IQC, 2), quercetin-3-O-maltoside (Q3M, 3), enzymatically modified isoquercitrin (EMIQ, 4), quer-
cetin-3-O-gentiobioside (Q3G, 5), rutin (6), a-monoglucosyl rutin (eMR, 7), a-oligoglucosyl rutin (¢OR, 8), isorhamnetin (9), and tamarixetin (10).

Table 4. Pharmacokinetic Parameters of Quercetin and Its Metabolites after Oral Administration of Several Flavonoid
Glycosides in Rats

Quercetin Isorhamnetin Tamarixetin
Chax (uM) AUCy,, (um-+h) F value (%) AUCy 1, (um-h) AUCy 5, (uM-h)
EMIQ 10.7+1.52 46.0+7.02 35.0£5.32 55.1£11.32 11.24+2.4acd
1QC 2.66+0.81° 15.8+3.6° 12.1£2.8b 13.8t4.6° 6.70£2.812.b.cd
quercetin 0.26£0.06° 2.6+0.7° 2.0£0.5° 1.50£4.59° 0.89£0.23bd
Q3M 8.36+£1.302 39.4+4.82 30.0+3.72 42.9+0.12 8.51£1.60%¢
Q3G 0.91£0.62° 3.9+1.6° 3.0+1.20 0.91+0.13b 1.1940.33bd
rutin 0.11£0.02° 1.0+0.4° 0.8+0.3b 0.79+0.61° 0.60+0.30b4
oMR 1.87+0.76° 5.3+1.3b 4.1+1.0b 3.10£0.97° 2.10+0.61bcd
aOR 0.69+0.21° 2.4+0.4° 1.8+0.3b 1.25+0.28° 0.72+0.20b4

Each quercetin glycoside was dissolved or suspended in H,O (5 mm), and administered to rats at the dosage of 50 umol/kg. Plasma samples were
treated with S-glucuronidase/sulfatase, and the concentrations of quercetin and its metabolites were measured. The AUC,,}, values were calculated
by the trapezoid rule, and F values were calculated as the ratios of AUC to the mean of AUC,.;,; values when quercetin dissolved in DMSO was in-
jected into the vein (13146 um+h, n=35) . Data were expressed as mean+S.E. (n=6-7) . a-d) Values with different letters are significantly different at
the levels of p<{0.05 by Bonferroni/Dunn multiple comparison tests.
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Hydrolysis of EMIQ (A), IQC (B), Q3M (C), aMR (D) and «OR (E), rutin (F), Q3G (G) by the Homogenate of Rat In-

Each sample was incubated with the homogenate at 37°C, and the concentrations of quercetin (closed circles) , IQC (open triangles) , Q3M (closed diamonds) ,
Q3G (opensquares) , rutin (open diamonds) and aMR (closed triangles) in the reactant were measured. The data were calibrated by the concentration of proteins in

the reactant, and expressed as mean+S.D. (n=3).

HALE WAL rutin EHB L TIEEAEEL LR
Mo, Xk, 1,6-O-B-glucoside &
quercetin 7,3"-O-B-diglucoside TlZ, E5 5% quer-
cetin I1Z 2 53 7@ glucose Z#1 & U 7=l BEK TR A M
HRIBEEICHENL TW b 5T, BEIZ
EMIQ & [AIF2 B DAL E WM 2~ 97 2%, Al
FEAETINENIZN D T,

Z v SO/ B SR U - B R 2
WTInsofbaze kg kd % & 3-O-malt-

isoquercetin

osylquercetin & EMIQ 14 3# % 7 I isoquercitirin %
#% T quercetin £ T/HEIN 57, a-monoglucosyl-
rutin & a-oligoglucosylrutin Tl rutin 7 #7012
U SM, quercetin X CIINMRENam-o7=. £
7=, quercetin 7,3”-O-B-diglucoside |32 3# 1 querce-
tin IZ2 £ TH M S N /=7, isoquercitrin 1,6-O-5-
glucoside @ 73 fRII M D THEL M TH - 7= (Fig.
16). ZTNHDT EMB, quercetin FLEE R DL
WU, INEREE B2 DFFTET % a-glucosidase
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16 1% % B-glucosidase G2 H T 5B HEICL > T
quercetin EFTHMKDGREEIND I ENNETH S T
ENHN D 2. 345

NS ORERT, BB EIC X D/KIEMED R IR
REME LB OWLERINZ M LS8 56 178 HET
HBHMN, HILE LEICTHEIET % glucosidase FH 1T
Lo THFHEINT 7Y I ICKTHMRI NG DR
WS ARSI ENEETHD I LERL TS,
5. &hYIC

=Y O PSPG 1d, FEY — RACH FEY O M
LM EERT S ETEEREEHEZRZL TVW5S,
INS OREFRT, RGP HEYOMENIZST
%, HDWISMERICBT 8%, EEREEEYD
DR ETBNWTEERKRE ZRZL TWSET
Tis<, JkRBEY ORI~ D & NS TOAE
BFEICHEGE L TWsHDEZE2END. 260D
BRI HE RIS OFEBEREEED - Ol & LT
HHAMEAE . PSPG OHRED M2 Kk L
T, WYDT ) L3S TEE D PSPG DR
FIFEL TS, ERNRE AN S bEHEARG K
EWVWSIRHMRBREIRNS S, W ) LD S
2% 7% PSPG Z 74 L, HREMICHEET S I &N
EFEhd. KT =7 -0 KN, 25
OHE WM DOWTEY J LEHR D RHHHE A,
Expressed Sequence Tags (EST) 5 —4 X— X Dk
HEHEATVWS, ZNSOFEHREIEHAL T, PSPG
DEFMEDOLFIOMHANKED DD EHIFFL TS,

B AWRORITICH N ZETENWE, AHET
NERFRFBEIE LR BRI 2%,  SFIRFNFERE
fliZzthD, TXTOLFEFEE DL 2Lz L
EF 9T, AW DO —EIE, ISPS Bl W &
(14572008, 22590009, 25460127) D Bhpk % 15T £l
L7z,

MzEMER BRI XSRS,
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